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ABSTRACT 

Xormal-incidence solar radiation va1ur.s were mcasurcd during the I G Y  at the  South  Pole :md Little America 
(Antarctica), at hlauna  Loa  (Hawaii),  Tucson  (Arizona), and Blue  Hill  Observatory  (Massachusetts); some results 
are given in tables  and  graphs.  Essential diffcrc,nccs among  them  are  discusscd.  The  radiation data at Tucson  and 
Blue  Hill  are  appreciably lower than  at  the other  stations.  The  radiation,  corrected for solar  distance, is similar 
at  the  Antarctic  stations to the radiation mc:tsured at 32la1111a Loa.  However,  t,he  actual measured values  in summer 
are  highcr at the  South Pol(, than  at   Mauna Loa, because the sun is clowr  to  the  earth in  the  Southern  Hemisphere 
summer.  The  “extrapolated  turbidity f x t o r ”  is over 2.5 at Tucson and Blue Hill,  but  averages 2.0 or less a t  the other 
stations  with  the  lowest va1rlc.s of about 1.5 at the South I’olv. 

During the  Intermtional Geophysical  Year 111tiny ne\v 
solar radiation  observations were taken >it Illany- places. 
In particular, new stations were installed  in Ar1tu1 ctiw 
and one was instwlletl at  the AZaunri Loa Ohserwtory in 
Hawaii. Some of the   nor~l l i l l - inc idc~~~~~ soliir radiation 
data which have so fttr been evduated tlrc prcsc>nt!d  in 
t’his pa.per. 

The rneasurenlents were made with Eppley Xorn1:d- 
Incidence Pyrheliometers and some tcsts were 111:~dc which 
indicated that  the  temperature coefficient of this  instru- 
ment  was too  small  to influence the  main  results. I n  
taking normal-incidence  observations, thc observers are 
instructed to  point the instrument  to  the s u n  in those 
cases only when no  clouds appear in front of the  sun. If 
we now intercornpare the mean value of radiation a t  one 
station with that at another for the  same o p t i d  air 
mass then a certain  subjectivity is introduced  into the 
results, because many times the  sky is covered  with a very 
thin milky veil. Some  observers  consider  t’llat the  sky is 
then covered by a thin  cirrus cloud and  they  do not t’ake 
normal-incidence observations  under  those  conditions. 
Therefore, atJ  those  stat’ions, the “clear”  days  with  the 
lowest transmission are  not included  in the mean data so 
that t’he mean  transnlission is relatively  high. On the 
other hand, some observers  consider the “milky” sky 
as a clear sky  and do take normal-incidence observations; 
consequently, a t  such st’ations  the mean vdues  are relrt- 
tively  low. Thus, in cornparing the mean nOrlklil~-inci- 
dence solar radiation  data a t  one  station  with  those at 
another, some uncertainty is introduced. 

Oxford, England. 
1 Paper delivered by 9. Fritz  to  International  Radiation  Commission of IlrGG, 1Y59, 

We nlay attempt to get  around tmllis ur1certaintmy by 
plot’t’irlg all the radiation  values  that  have been observed 
a t  t,lle station;  and t’llen taking  the  very clearest  days as 
samples of t’he  clear-day values. However, some sub- 
jectivit8y arises  in this case too; a  single  extreme  value is 
ol‘t’en incorrect  because of slight  errors of recorder  sctt,ings 
or for other reasons. ’I’trcrefore in choosing the highest8 
f e w  ~lleasurerr~cnts  as  representative of the clearest days, 
subjec*tivit,y  arises in  the selection of t,llose few measure- 
ments. 

This difticulty is indicated in  figure 1. The rneasure- 
merit's at  the various  stations  are  taken a t  specified zenith 
distances, Z ,  of the sun. These  correspond t’o integral 
opt’ical air  mass, mo, at sea  level  pressure, po (taken as 
1000 nib.).  At  elevated  stat’ions, t,he air mass  has been 
colllputed  from the formula m=m0 (p /po)  where p is the 
mean  station pressure. 

Thus in figure 1, the  observations  taken at Sour  specific 
values of Z have been plotted  above  those values of Z 
indicated at the  bottom of each  diagram;  the points  have 
been spread  horizontally  for  ease  in  plotting. At  Mauna 
11oa, the skies  selected appear  to  be of relatively uniform 
charact’er  and  the  points  are clust’ered in a narrow  range 
of radiation values. But  at Blue  Hill the “clear” skies 
appear t80 be much less uniform,  and  the  points  are con- 
siderably  spread out  in  radiation  values at a  given  air mass. 

The lines drawn  through  the  topmost  points  are sub- 
jective  and  represent  high  values of radiation.  These lines 
should not be  taken  to  represent a typical  diurnal  variation 
during a single day with  high  radiation, since the slope 
may be  changed  appreciably by a slightly different selec- 
t8ion of the  ‘%op”  points.  This is especially true at  Blue 
Hill. 
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FIGURE l.--Norlnal-incide!lcA solar  radiation  observations for 
Mauna Loa, Hawaii  and  Blue  Ilill,  Mass.,  taken at the specifitd 
zenith distances, 2, of the sun, are  plotted for comparison. S o t c  
spread  in  values a t  a given  air  mass,  especially at Blur. Ilill, 
indicating the  subjectivity  inherent  in  the choice of "clear" skies. 

From figure 1 it is also evident  that  the "mean" value 
of radiation,  which  can  readily  be computed from thc 
radiation  observations  tabulat'ed by  the observer, is also 
ambiguous; the  much  wider spread of points  in  t'he  Blue 
Hill diagram  suggests that  the  criteria for selecting "clear" 
days were not t'he same for the two  st'at'ions. 

In spite of these  difficulties,  the  major diflerenccs bc- 
tween stations  still  appear. For example,  stations at' high 
latitudes  and  high elevat,ions have systematically higher 
mean  and  maximum "clear day"  transmissions than t'llose 
in  middle latitudes, near sea lcvel. These results are 
indicated  in figures 2 and 3 and in  tables 1 and 2 .  Tn table 
1, normal-incidence  solar radiation values, on t'he Int'er- 
national  Pyrlleliomet'ric  Scale, are shown for the  spring 
months. The air-masses have  been  reduced  t80 sea level 
pressure and  the  radiation, I, has been adjusted for t'he 
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nlean  distance of the  Eart'll frorll tllc sun by t'he relation 
I= I' p2, where p is the  radius vect'or of the earth in units 
o l  its mean va111e and I' is the measured radiation. The 
I I I ~ ~ I I  values of radiation,  and also t'he maximum values 
(estimated I'rorn eurves such as those of fig. I )  are shown in 
the  table. We see i~nrnediately  that the radiation values 
for Tittle America and I'or Mauna Loa are both definitely 

T A R L E  1 . ~ ~ ~ ~ o r ~ n u l - i n c i d e n c e  solar  radiation  values,  I ,  (l!J./nn'n.) 
reduced to mean  dis tance from sun. S p r i n g   ( M a r c h   d l - J u n e  21, 
1958)  (A l t  Li t t le   America,   Sept .   23-Dee.  22, 1957) 
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higher tmhan the values for Blue  Hill and for 'I'UCSOII. 
Mauna Loa has an clcvat~ion of about 11,000 feet ,  while the 
other st'atiorrs are nearer sea level. Littlc  A4~~~c.r.ica  is at' 
a much higher latitude t811an the other stations  and pre- 
sumably has SL less polluted  atlnosphere with slrlallcr 
amounts ol water vapor. The values at Jlaurla I,oa see111 
to  be slightly  higher than those at  Little Rtlrericba.  'This 
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2 .  It should be realized that  the  turbidity coefficient is 
merely  a  convenient  index. To getr  more  precise opticd 
information  requires  spect’ral  measurements, wd~ich are  in 
general not  available. 

The values in t’able 3 show that Blue  Hill and  Tucson 
with  a  mean T, of over 2.5, are  much  more  “turbid” 
than  the  other  stations, where T, is  mainly less t’han 2.0 
and is only 1.5 at   the  South Pole. The  table suggests 
that  Mauna  Loa is somewhat less turbid t ’ h n  Little 
America but  has  turbidity  rather  similar to  the  South 
Pole station. 

The values  shown in  table 1 and 2 have been adjusted 
for the mean  distance of the  sun  from  the  carth.  There 
is interest  also,  for  practical  application,  in  the  actual 
values as received at   the earth’s  surface. The  mean and 
"maximum" values of actual  observations  are  shown  in 
figures 2 a and b  for  spring and in figures 3 a and  b  for 
summer. The  variations of these  actual  observed  data, 
from the values  shown in  tables 1 and 2, occur  because 
the  sun is nearer  to  the  earth in the  Southern Hcrnisphere 
summer. As a consequence the  measurements of mdi- 
at’ion at  the  South Pole  for  the  summer  are  appreciably 
higher than those  at’  hiauna  Loa in sumner. In t’he 
spring the differences are  not  so  grcat,  but  there  still is a 

small excess in t,he rnean radiation a t  Lit’tle America 
relative  to the stat’ions  in  the  north.  Thus,  by comparison 
of figure 2a with 2c the  mean  value of radiation uncor- 
rected  for p a t  Litt’le  America is actually  somewhat higher 
than  that for Mauna Loa, although  the difference is very 
snlall. For  the rnaximurn  values of radiat’ion, that  is on 
the clearest days,  Ahuna  Loa  apparently  has higher 
values of radiation than Little America  even in values 
uncorrected  lor p which are  not  much different  from those 
in  table 1. But’ t>his  depends  somewhat  on  whether the 
observations used to  determine  nlaximum  values occurred 
near  Septcmber  or  December. 
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